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Abstract of thesis entitled: 
Comparing Standardized Indirect Effects in Structural Equation Modeling 
Submitted by Kwan, Lok Yin 
for the degree of Master of Philosophy in Psychology 
at the Chinese University of Hong Kong in August 2007 
Psychologists are interested in asking questions that involve the comparison of 
indirect effects both within a sample and between samples. Nevertheless, when the 
equality of indirect effects is tested in structural equation modeling (SEM), such 
effects are usually compared without standardization. It is known that comparison of 
indirect effects will only be sound when the variables are in the same metrics. 
Otherwise, the result by imposing equality constraints on unstandardized model 
parameters may be misleading. The rare practice for researchers to compare the 
standardized indirect effects may be due to limited research work on this topic. The 
current study aims to propose a method to compare the standardized indirect effects 
in SEM. On the basis of the sequential model fitting method proposed by Chan 
(2007), this study attempts to extend the reparameterization technique on 
standardization of the model parameters and subsequent comparison of the 
standardized indirect effects. Three examples are given to illustrate how to apply the 
method using EQS. The results were found to be perfectly comparable with the 
results derived by LISREL. 
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CHAPTER ONE: INTRODUCTION 
Mediation or indirect effect refers to the relations of how external events take 
on internal psychological significance (Baron & Kenney，1986). Hypotheses 
regarding indirect effects are popular in psychological research and mediation 
models are widely used in theory development and testing. For instance, in social 
psychology, intentions are hypothesized to have a mediating effect on the relation 
between attitude and behavior (Ajzen & Fishbein，1980). In developmental 
psychology, quality of parenting was thought to be a mediator in accounting for the 
relations of parental unemployment and child behavior (Conger et al.，1990). Other 
mediation hypotheses are also made in other fields such as cognitive psychology (e.g. 
Stacy, Leigh, & Weingardt, 1994)，industrial-organisational psychology (e.g. James 
& Brett，1984)，and preventive health programs in applied work (e.g. MacKinnon & 
Dwyer, 1993). Since mediation models are popular in psychological research, 
statistical methods of analysis of mediation are important in testing these models and 
helping theory development and testing. Extensive work on developing and 
evaluating statistical methods of mediation analysis has been done. 
The basic mediation model 
Figure 1(b) illustrated a three-variable path diagram which is widely used by 
researchers in explaining indirect effect. Path T' is the direct effect of independent 
variable on the dependent variable with the effect of mediator controlled. Path a is 
the effect of independent variable on the mediator and path (3 is effect of mediator on 
dependent variable. The product of coefficients ap or difference in coefficients (x — 
T') is the indirect effect, where X is the effect of X on Y in Figure 1(a). When path x' 
is zero, there is a complete mediation suggesting that a single, dominant mediator. If 
path T' is not zero, this may be an indication of multiple mediating factors (Baron & 
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Kenney, 1986). Various methods have been developed to test the significance of the 
mediation model. Among all the methods, the causal steps approach proposed by 
Baron and Kenney (1986) was popular in psychology literature. Other methods such 
as the standard error derived by Sobel (1982) based on the multivariate delta 
methods were also widely cited by researchers in testing mediation effect. In the 
following section, the three general approaches in mediation analysis categorized by 
MacKinnnon et al. (2002) will be discussed. 
(a) ei 
Independent T Dependent 
Variable (X) • Variable (Y) ^ 
(b) _ _ ^ 
Mediator (M) 
Independent Dependent ^ ^ ^ 
Variable (X) • Variable (Y) ^ 
Figure 1. Path diagram for the mediation model. 
General Approaches in mediation analysis 
MacKinnon et al. (2002) reviewed 14 methods used in social sciences 
researches for testing the significance of indirect effect and conceptualized these 
methods into three general approaches according to the null hypotheses being tested, 
their assumptions and statistical methods of estimation. The first general approach is 
the causal steps tests approach that included Judd and Kenney (1981a, 1981b) and 
Baron and Kenney’s (1986) work. The second approach is based on the difference in 
coefficients such as the test of the difference of x and T' (e.g. Freeman & Schatzkin， 
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1992; McGuigan & Langholtz，1988; Olkin & Finn，1995). The third general 
approach is based on the product of coefficients aP (Aroian, 1944; Goodman, 1960; 
Sobel, 1982). 
Baron and Kenney 's (1986) classic approach in mediating analysis 
The causal steps tests approach suggested by Baron and Kenney (1986) is the 
classic approach in testing significance of indirect effects. Judd and Kenney (1981a, 
1981b) first proposed to assess mediating effects based on casual steps tests of 
different logical relations among the three variables involved. Baron and Kenney 
(1986) extended Judd and Kenney approach in testing mediation. According to 
Baron and Kenney (1986)，several steps should be taken to assess the mediation 
model. First, the following three regression equations should be estimated. 
M = ca + e^ (1) 
Y = TK + e, (2) 
Y ^ f X + p M + e, (3) 
Second, separate coefficients for each equation should be tested. Finally, for the 
mediation model to hold, one must show that three conditions are satisfied: (1) X 
must affect Y in Equation 2. (2) X must affect M in Equation 1. (3) M must affect Y 
in Equation 3. If these conditions are shown to hold，there should be mediation and x' 
should be smaller than T. One may conclude the relation of X and Y is completely 
mediating by M if x' is zero (Baron & Kenney, 1986). 
Although the causal steps tests approach are widely cited, some researchers 
have criticized that the causal steps approach is only suggesting the necessary 
conditions for mediation rather than testing the mediating effect of the independent 
variable on dependent variable through the mediator. Several limitations have been 
pointed out by researchers. First, the method did not provide a joint test of the 
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conditions mentioned previously. Second, direct estimation of the size of the indirect 
effect of X on Y was not made. In addition, it was difficult to apply the method in 
models with multiple mediators and evaluate each of the mediating effects separately 
in models with more than one mediator (Mackinnon et al., 2002). Finally, it has been 
questioned about the necessity of testing the overall association of independent 
variable and dependent variable preceding the mediation analysis. 
When a causal process is temporally proximal, the moderate or large effect of 
independent variable is likely to be found. However, when the causal process is more 
distal, the size of the effect is likely to be small because it is more likely for a distal 
effect to transmit through additional links in a causal chain; affect by competing 
causes and affect by random factors. Therefore, Shrout and Bolger (2002) 
recommended that the guidelines of Baron and Kenney (1986) in testing the overall 
association of X and Y are not necessary to follow strictly because the usual bivariate 
tests of association for distal processes have limited power. In sum, if theory 
suggests that association of X and Y are large or medium size, retaining Baron and 
Kenney's mediation guidelines and establishing a bivariate association of X and Y 
may make the conclusion more convincing. However, if the causal process is distal, 
one may drop the classic approach of testing the overall association and proceed to 
the mediation analysis on the basis of the strength of theoretical arguments. 
Difference in Coefficients tests for indirect effect 
Unlike the causal steps tests approach, the difference in coefficients methods 
provided a direct estimate on the size of the indirect effects of X on Y. Point 
estimation of the indirect effect is made by using Equation 2 and 3. First, the 
unadjusted effect of X on Y (x) in Equation 2 is estimated. Second, the effect of X on 
Y after adjusting the effect of M (T') in Equation 3 is estimated. The difference 
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between x and x' is the indirect effect (Mackinnon et al.，1995, 2002). For the test of 
significance of the null hypothesis (Ho： T-T' = 0), the estimated indirect effect is 
divided by the standard error of the differences in coefficients (e.g. Freeman & 
Schatzkin, 1992; McGuigan and Langholtz，1988; Clogg et al., 1992 ) and compared 
to the t distribution. 
Though the difference in coefficients test gives a direct estimation on the 
indirect effect, it is difficult to incorporate the method to test models with more than 
one mediator. The framework for the test in estimation of appropriate coefficients 
and testing significance of their differences in these models are not provided. 
(Mackinnon et al., 2002). 
Product of coefficients tests for indirect effect 
The third general approach categorized by MacKinnon et al. (2002) is the 
product of coefficients test. In this approach, the estimation of indirect effect 
involves Equation 1 and Equation 3. The effect of M on Y (i.e. p) and the relation of 
X and M (a) are estimated. The product of a and P is the indirect effect. The 
rationale behind the estimation of the indirect effect by using the product of these 
two parameters is that mediation depends on the extent to which the independent 
variable changes the mediator (a) and the extent to which the mediator affects the 
dependent variable ((3) (MacKinnon et al., 1995). Like the difference in coefficients 
methods, the estimated indirect effect is test for significance (Ho： aP = 0) by dividing 
the indirect effect by the standard error of the product of coefficients (e.g. Aroian, 
1944; Goodman, 1960; Sobel, 1982) and comparing to the normal distribution. 
Unlike the causal steps and difference in coefficients methods, the product of 
coefficients method can extend to models incorporating multiple mediators because 
the underlying model follows directly from path analysis in which the indirect effect 
Comparing Standardized Indirect Effects 6 
is the product of coefficients hypothesized to measure causal relations. However, it is 
not without its limitations. MacKinnon et al. (1998, 2004) has found that confidence 
limits based on the standard error estimators of the indirect effect do not perform 
well even though the standard error estimators was found to be unbiased at small 
sample size. 
Nonnormal distribution ofproduct of coefficients 
MacKinnon, Warsi, and Dwyer's (1995) simulation study has assessed the 
performance of each analytical solution for the standard error of indirect effect 
(Goodman, 1960; McGuigan & Langholtz, 1988; Mood, Graybill, & Boes，1974; 
Sobel, 1982, 1986). The standard error estimators of the indirect effect were quite 
similar for all sample sizes with the exception of McGuigan and Langholtz (1988) 
estimator which was approximately two to three times larger than the true standard 
error in the case of the binary independent variable. In sum, Sobel's (1982) estimator 
performs the best and the standard error of the indirect effects is overestimated for 
smaller sample sizes. 
Despite the fact that the analytical solutions for the standard error was found to 
perform well and was unbiased even at smaller sample size, simulation studies by 
MacKinnon et al. (1995) has provided evidence on the imbalance in the number of 
times a true value fell to the left or the right of the confidence limits. The implication 
of the imbalance is that using the product of coefficients method has less power than 
expected to detect a true indirect effect because the distribution of the product aP is 
not normally distributed but rather is often asymmetric with high kurtosis 
(MacKinnon et al., 2002, 2004). 
Giving that the assumption of the distribution of product has a normal sampling 
distribution is inaccurate in some situations and result in less power for the test of 
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significance, some alternative methods have been proposed. One of the methods was 
by MacKinnon et al. (1998, 2002). They estimated the empirical sampling 
distribution of ap for a wide range of values of a and p by conducting extensive 
simulations and determined the critical values for different significance levels. 
Instead of comparing the test statistics with the normal distribution, MacKinnon 
(1998，2002) proposed the empirical sampling distribution of aP (z，）as the 
comparing distribution. 
Another method is asymmetric distribution of product test (MacKinnon et al., 
2002，2004). Since the distribution of the product of two random variables may be 
asymmetric, different critical values for the upper (UCL) and lower (LCL) 
confidence limits are required. These critical values are obtained from the tables in 
Meeker et al. (1981). Upper and lower confidence limits can then be computed by 
using the following formula: 
(4) UCL = estimated aP + Meeker Upper * Standard error of aP 
(5) LCL = estimated a|3 + Meeker Lower * Standard error of a|3 
If the confidence interval does not include zero, the indirect effect is said to be 
significant (MacKinnon et al., 2002). 
Comparison of different methods to test mediation 
Diverse tests with different null hypotheses are available for mediation analysis. 
Mackinnon et al. (2002, 2004) have done extensive work to compare the statistical 
performance of different methods. In summary, the causal steps tests approach has 
less power and low Type I error rates. The difference in coefficients methods and the 
product of coefficients methods tend to have greater power than the causal steps 
methods but Type I error rates remain too conservative. In contrast, the distribution 
of products tests which does not assume the normal sampling distribution have 
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accurate Type I error rates when a = P = 0 and the highest power rates throughout 
(MacKinnon et al.，2002). 
Resampling methods 
Although the asymmetric distribution of product tests and the z' distribution test 
were more accurate and have greater power than the traditional approach of 
assuming normal distribution, confidence limits are still imbalance (MacKinnon et 
al., 2004). Recently researchers have suggested bootstrap methodology and other 
resampling methods (MacKinnon et al., 2004; Shrout & Bolger, 2002) as more 
accurate options for the sampling variability of estimate of indirect effect. 
Resampling methods allowed the distribution of the estimate of a(3 be examined 
empirically and confidence limits can be defined easily by locating the cutpoints that 
exclude (a/2)* 100% of the values from each tail of the empirical distribution. 
Therefore when the assumption of normal distribution of indirect effect does not 
hold, resampling and bootstrap methods are suggested to be the choice of analysis. 
Bollen and Stine (1990) used bootstrap methods to explore the distribution of 
indirect effect and found the distribution to be asymmetric. Shrout and Bolger (2002) 
recommended bootstrap methods to assess mediation with small and moderate 
samples because bootstrap tests are powerful in detecting the nonnormal sampling 
distribution of indirect effect. MacKinnon et al. (2004) compared resampling 
methods with analytical methods and found that bias-corrected bootstrap provided 
the most accurate confidence limits and greatest statistical power. 
In short, researchers have suggested that when resampling method is feasible, 
bias-corrected boostrap which had Type I error rates close to the nominal level along 
with more power than the other methods is recommended for mediation analysis. 
However, the asymmetric tests of distribution of products using tables of Meeker et 
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al. (1981) can also be the choice especially when resampling is not feasible because 
not all resampling methods are found to be superior to the distribution of products 
methods. 
Comparing indirect effects 
Previous discussion has been focused on the test for significance of indirect 
effects. Another important issue in the study of mediation analysis is the comparison 
of indirect effect. Comparison of indirect effects includes both comparison made 
within a sample or between samples. The later that compares the mediation process 
between groups is also termed as "moderated mediation" (James & Brett, 1984). 
However, little work regarding comparison of indirect effects was done despite the 
fact that many researchers are interested in comparing if the mediator in a particular 
group may also have the same effect in different groups (e.g. Nolen-Hoeeksema, 
Larson, & Grayson，1999). The few early literature addressed this topic included 
James and Brett's (1984) paper on moderated mediation and the classic study by 
Baron and Kenny (1986). More recently, Wegener and Fabrigar (2000) and Muller, 
Judd, and Yzerbyt (2005) discussed about both moderated mediation and mediated 
moderation with the later extended the causal step approaches in testing mediation 
and developed analytical methods for assessing moderated mediation. 
As mentioned before, work regarding the statistical method in testing the 
equality of indirect effects was scarce. One common method that used by researchers 
in comparing indirect effects is by fitting a path model under the null hypothesis (e.g. 
Ho： aipi = 01202) and then comparing the goodness-of-fit to the corresponding 
alternative model without such a constraint. Nevertheless, these methods are limited 
to SEM programs which allow specification of nonlinear constraints because the test 
of equality of indirect effects by this method involved nonlinear constraints. 
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Therefore, this method is difficult if not impossible to incorporate into SEM 
programs such as EQS (Rentier, 1995), because its current version (EQS 6.1) does 
not support the analysis with nonlinear constraints. 
Regarding to the limitation of these programs in specifying nonlinear 
constraints, Chan (2007) has suggested a sequential model fitting method to 
effectively transform the original nonlinear hypothesis into a simple linear 
hypothesis through appropriate reparameterization. By using this method, the 
comparison of indirect effects can be done by simply using linear constraints. 
A sequential model fitting method 
The sequential model fitting method is a step-by-step model reparameterization 
technique. The rationale behind the method is to reparameterize the indirect effect 
which originally appears as a product term of different path coefficients in each 
successive step until it finally becomes a single model parameter. To summarize, the 
sequential method can be divided into three major steps: (1) specifying the model of 
interest, (2) factorizing the intervening variable, and (3) Fitting a constrained model. 
Group 1 
ai Pi 




X • M • Y 
^ \ 
Figure 2. The original two-group path model with first-order mediating effect. 
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Step 1 Specifying the model of interest 
In this step, the relations among variables will be specified in a path model such 
that equality of indirect effects between two groups can be expressed. Take Figure 2 
as an example. We would like to compare the indirect effects of the two groups, 
therefore, we would specify the following model equations: 
M = + (6) 
Y = l3,M + e, (7) 
= a ^ p ^ X -v J3丨e�+62 
and set the constraint as Ho： aiPi = aj^i which is nonlinear for testing the equality of 
the two directs effects. 
Group 1 di 
ai* 1.00 
X ： •( F ) — — — • Y 
X \ 
M 
Group 2 di 
a2* / ^ " V ^ 1.00 
X •( F ) — — — • Y 
X \ 
M 
Figure 3. Transformed model of a two-group path model with first-order mediating 
effect. 
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Step 2 Factorizing the mediator 
Since the constraint set in step 1 is nonlinear which is not feasible to employ 
programs like EQS to test for the equality. Hence, in this step we need to transform 
the model and make the constraints into a linear one. To achieve this goal, the 
original model is transformed by factorizing the intervening variable with the so 
called "phantom" variable. Figure 3 is the transformed model. A phantom variable, 
F] is added to the model which in turn has the original mediator M loaded on it. 
Hence, the model equation of the transformed model becomes the following: 
F = oc，X + PA (8) 
M = A,. * F (9) 
Y = F + e^ (10) 
By setting ai* = o t iP i，= 1/Pi, di = ei, we have Equation 6 equals to Equation 9 and 
Equation 7 equals to Equation 10 given P iT^  0 meaning the original model is 
equivalent to the transformed model. 
Step 3 Fitting a constrained model 
By factorizing the mediator, the hypothesis of interest can be restated into Ho： a , = 
a2* which is a simple linear hypothesis that can be tested by any standard SEM 
program. We can fit a constrained model under Ho： ai* = a2* and obtain the 
chi-square goodness-of-fit statistics % o with dfo degree of freedom. By testing the 
chi-square changes to compare the chi-square goodness-of-fit statistics between 
constrained and alternative model, we may able to test whether the indirect effects 
are significantly different between two groups. 
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Chan's (2007) sequential model fitting method provides an alternative for 
comparison of between-group and within-group indirect effects in SEM programs 
which do not allow specification of nonlinear constraints. The results obtained by 
using the sequential model fitting method was found to be perfectly comparable to 
those derived from LISREL (Joreskog & S6rbom，1996) which supported the 
analysis of nonlinear constraints. Besides, although not described here, the methods 
can incorporate into models with higher order effect and applied to structural models 
with latent factors and compared the effects for more than two groups. Hence, the 
sequential fitting method provides researchers some flexibility in comparing indirect 
effect when SEM program does not support nonlinear feature. 
Current interest of study 
Despite the flexibility associated with the sequential model fitting method in 
comparing indirect effect, the method proposed by Chan (2007) mainly considered 
the comparison of unstandardized indirect effects. As a result, the method could lead 
to misleading results if the two indirect effects being compared are of very different 
scales. For example, when we compare the indirect effect of parental aspirations on 
occupational outcome through educational aspiration and the indirect effect of 
socioeconomic status on occupational outcome through educational achievement, the 
comparison may not be meaningful without first standardizing the units of 
measurement of different variables. The predictors, parental aspiration and 
socioeconomic status are measured by two different scales and the variances of the 
two variables are different. Statistically, the comparison of indirect effects is only 
sound when the effects are standardized. 
Generally speaking, the standardization issue of comparison of indirect effects 
made between groups is not crucial as the variables are typically measured in the 
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same metrics (i.e., comparing identical pathway across different groups). However, 
when comparison of indirect effects is made within group and the antecedent 
variables are measured on different scales (i.e., comparing different pathways within 
a group), the result will be misleading if the effects are not standardized. This issue is 
especially critical when variance of one of the antecedent variables is extremely 
large as compared to the other variable. Therefore, the comparison will only be 
meaningful and appropriate if the indirect effects are standardized. 
Despite the fact that comparison of unstandardized indirect effects may be 
misleading, practice for researchers to compare the standardized indirect effects is 
rare. This may be due to limited research work on this topic and lack a simple 
method proposed to make the comparison. Therefore, the current study aims to 
provide a solution for standardization of variables in structural equation modeling 
and make the comparison of standardized indirect effects feasible in SEM programs. 
On the basis of the sequential model fitting method proposed by Chan (2007)，this 
study attempts to extend the reparameterization technique on standardization of the 
model parameters and subsequent comparison of the standardized indirect effects in 
EQS. 
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CHAPTER TWO: STANDARDIZATION OF PATH COEFFICIENTS 
(a) Standardization of path coefficients in path model 
Common SEM programs do not allow the direct imposing of constraints on 
standardized paths (e.g. EQS and LISREL), therefore, path coefficients must first be 
transformed into their standardized values before the constraints are set on the paths. 
In path analysis, this can be simply done by using a "phantom" variable to factorize 
the original variable. Using the simplest mediation model as illustration, Figure 4(b) 
shows the standardized model. 
� . 
a B 
X • M • Y 
^ ei 62 
(b) , , 
入X 入M 入Y 
• • I 
X M Y 
Figure 4. A path model with first-order indirect effect (a) original model (b) 
Transformed model with standardized path coefficients. 
Each original variable is loaded on a phantom variable after transformation and 
hence three "phantom" variables (Fx, Fm and Fy) are added into the original model. 
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The equations for the standardized model are as followings, 
X = (11) 
M = (12) 
r = (13) 
(14) 
(15) 
and by using equation 11, 12 and 13，equation 14 and 15 can be rewritten as equation 
16 and 17 respectively. 
M X , ,iA� 
1 ~ =之《 7 " + "丨 （16) 
Y M . ,17� 
7"=之々  + (17) 
Therefore, by fixing the factor loadings, Xm and Xy equal to the standard deviation of 
M and Y respectively and the variances of the "phantom" variable, Fx equal to 1.00， 
Za and zp become the standardized value of the original path a and p respectively. 
Hence, the standardized nonlinear indirect effect equal to the product of the 
standardized path coefficients，ZaZp. 
The general principle of standardizing the path coefficients is by adding a 
phantom variable with each original variable load on it and then fixing the factor 
loading of the dependent phantom variables at the standard deviations of the original 
variables and the variance of the independent variables at 1.00. Since the variances 
and standard deviations of the original variables are always available from the data, 
the original path model can thus easily be transformed into its standardized version. 
(b) Standardization of path coefficient in structural model 
The logic of standardization of structural model follows that of path model. 
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However, the standard deviations of the latent factors will be used instead of that of 
the observed variables. Figure 5(b) illustrated the standardized model of a simple 
structural mediation model. 
(a) 广 广 C^^ ^ / " f ^ 
W W W 
(b) z dM’ / dv' 
— - — — - — 
入 X ？^M ^Y 
” ” ” 
f F x ) ( ^ F m J ( ^ F Y J 
W W W 
Figure 5. A structural model with first-order indirect effect (a) original model, (b) 
Transformed model with standardized path coefficients. 
It follows the general principle that "phantom" variable are inserted in the 
original model and each original latent factor is loaded on the phantom variable. 
Hence, phantom variables, Fx，，Fy' and Fm' are added into the model and the 
equations for the standardized structural model are as followings, 
(18) 
入 mFM、 (19) 
Fy =AyFy' (20) 
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v = 认 丨 ( 2 1 ) 
F/二 z�FM,+d/ (22) 
and by using equation 18, 19 and 20，equation 21 and 22 can be rewritten as equation 
23 and 24 respectively. 
# = - « 》 + 心 ， (23) 
^ = + (24) 
/tj, 
Therefore, by fixing the path coefficients, ？im and Xy equal to the standard deviation 
of Fm and Fy respectively and the variance of the phantom variable, Fx' equal to 1.00, 
the path coefficients, Za and zp, will become the standardized values of a and (3 in the 
original model respectively. The indirect effects of the transformed model become 
z aZp, which is the standardized indirect effect of the original model. 
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CHAPTER THREE: COMPARING STANDARDIZED INDIRECT EFFECTS 
(a) Comparing first-order standardized indirect effects 
If the SEM programs allow the specification of nonlinear equality constraints, 
constraints can be set on the standardized model directly and use the likelihood ratio 
test to compare the equality of different standardized indirect effects. Figure 6(a) 
shows a standardized two-group path model with first-order indirect effects. The 
effect from Fx to Fy is defined as a first-order effect because there is only one 
mediator, Fm between them. The model equations for group i can be written as 
(25) 
厂 力 , （26) 
The standardized indirect effect from X to Y is ZaiZpi for group 1 and Za2Zp2 for 
group 2, To test the equality of the standardized indirect effects, nonlinear constraint 
can be set on the model parameter under the null hypothesis (ZaiZpi = Za2Zp2). The 
standardized indirect effects can be tested by first fitting a null model under Ho and 
then comparing its goodness-of-fit to the alternative model without such a constraint. 
However, as mentioned previously, some SEM programs such as EQS do not allow 
the specification of nonlinear constraint, therefore, the sequential model fitting 
method proposed by Chan (2007) is used on the standardized model to transform the 
original nonlinear hypothesis into a simple linear hypothesis. 
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Group 1 ^ ^ dMi ^ dyi 
_ — 
入XI 入Ml 入Y1 
\ r ^ r ] r 
X M Y 
Group 2 ^ ^ dM2 ^ ^ dY2 
人 X2 A-M2 
y [ y V 
X M Y 
Figure 6(a). A two-group standardized path model with first-order indirect effects. 
We continue to use Figure 6(a) as the model of interest. The transformed model 
of Figure 6(a) using the sequential model fitting method becomes the one as shown 
in Figure 6(b). The mediator is factorized with a phantom variable and so the 
phantom variable Fm' is now with the original mediator Fm loaded on. The model 
equations of the transformed model for group i become 
Fm、=Z ⑴私 Fx^^zp 丨 d � " (27) 
一 2 I 丄； I J f v* "^/ 
“'^ AY； ^ai rX 十八A^ / ^Pi^Mi 
‘ （29) 
It should be noted that the outward path from Fm' to Fy is fixed at 1.00 and the path 
from dMi' to Fm' is fixed at zpi，which is the outward path coefficient from Fm to Fy 
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in the standardized model. In real application, zpi is not known and hence the sample 
estimator of zpi will be used instead. Moreover, there is no disturbance term 
associated with Fm after transformation. Thus, by treating Zai* = ZaiZpj, ？tMi，= 1/zpi, 
and dMi' = dMi, we can have equation 25 = equation 28 and equation 26 = equation 
29，given that zpj 丰 0. Hence, the standardized model and the transformed model are 
equivalent. 
After transforming the model, the hypothesis of interest to test the equality of 
standardized indirect effects now becomes Ho： Zai* = Za2*, which is a simple linear 
hypothesis. Therefore, we can set a linear constraint under Ho： Zai* = Za2* on the 
transformed model and obtain the chi-square goodness-of-fit xo .^ By comparing the 
difference between and which can be obtained by fitting the transformed 
model without such a constraint, we can test the equality of the standardized indirect 
effects using the likelihood ratio test. 
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/ dM2, / dY2 
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ra o m 
，r 
M 
Figure 6(b). A transformed model of Figure 6(a). 
(b) Comparing second-order indirect effects 
Figure 7(a) shows a standardized model with two second-order within-group 
indirect effects. The effect of Fxi and Fy is a second-order effect because there are 
two mediators, Fmu and FMi2 between them. For simplification purpose, only 
parameters of current interest are shown in the figure. 
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Xi Mil Mi2 
i L i i i k 
dMll dM12 
UM21 aM22 
\ r } r y r 
X2 M21 M22 
Figure 7(a). A standardized model with two second-order indirect effects within a 
group. 
The model equations of current interest are expressed as the following 
(30) 
- ^Pi^ Fm ,丨 + 心,2 (3 1) 
=V/?,丨厂A'/ + 〜,丨"Ml + ^Mil 
Fy = + ^ p 22^Mil + ^Y 
= (32) 
where i specifies the pathway of the effect from Fxi to Fy within a group. 
Hence, the equality of the standardized second-order effects within a group can be 
written as 
Ho： ZalZpiiZpi2 = Za2Zp2lZp22 
Again this is a nonlinear hypothesis. If we are going to test the equality of indirect 
effects, it is essential for us to first transform the nonlinear hypothesis into a simple 
linear one before we can set the constraint in SEM programs that do not allow 
specification of nonlinear constraint. 
Comparing Standardized Indirect Effects 24 
The transformation of model with higher order indirect effects is similar to that 
of model with first-order indirect effects. We factorize the mediators by using 
"phantom" variables. Nevertheless, we need to factorize each mediator sequentially 
rather than in one single step. According to Chan (2007), the general rule is to begin 
the factorization with the mediator that is closest to the outcome variable and then 
with the one second closest and so on. Therefore, in our example, we first factorize 
the second mediators，Fmi2 and Fm22, by replacing them with two "phantom" 
variables Fmi2，and Fm22’ and the model now transform into figure 7(b). 
Mi2 
i V 
dMll 1 Zpi2 y cIm12' 
入 M12 \ / 
Zed* ^Pll* 
dM21 入M22 / \ , 
j Zp22 \ CIM22' 
X2 M21 (^^M^ 
y r 
M22 
Figure 7(b). A transformed model of Figure 7(a) with Fmi2，and Fm22，-
For identification purpose, the outward paths from Fmi2’ to Fyand from Fm22’ to 
Fy are fixed at 1.00 and the effects of disturbance divin' and dMii' are fixed at zpn and 
/ 
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zp22 respectively. There are also no disturbance terms associated with Fmi2 and Fm22. 
The next step is to factorize the first mediator Fmii and Fm2i- T w o more 
phantom variables Fmi i ' and Fmsi’ are added and the model is now with Fmii and 
Fm2i loaded on the mediators Fmii' and Fmsi’ as shown in Figure 7(c). The outward 
paths from Fmii，to Fm 12’ and Fm2i' to Fm22’ are fixed as 1.0 and the effects of dMii' 
on F m i i ' and d ^ ’ on Fmsi’ are fixed as zpn * and zp2i*. Once again, there are no 
disturbance terms associated with Fmii and Fmi2-
M i l Mi2 
i i i i 
“ ？ / d M : J ^ Zpi2z ‘ 1 2 ’ 
J \ djvm I zp22 \ aM22' 
X2 (^ f^mJJ^  
1 r ^ r 
M21 M22 
Figure 7(c). A transformed model of Figure 7(b) with F m i i ' , Fmi2，，Fm2i' and Fm22，. 
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Having factorized the two intervening variables as described above, the model 
equations of Figure7(c) become 
^M i\ ~ ^ai* + •丨 * 
-义Ml * F遍 
—2 *7 **/? 4- ； * 7 * ^ f ( J 
—八iW/1 厂；rt 卞八A//l 二Pi入"w/1 
厂M2 =厂 
^Mil 么ai A'/ 卞八A力'2 "w/1 卞八yW/2 ^fljj^Mi2 
Fy = + 厂M22 + ‘ 
= (35) 
+ r • d '+z * d '4-7 r] 1+7 ^ 
By setting Zai** =ZaiZpiiZpi2, zp"* ？ M^ii* = 1/zpii*, h i* = l/zpi2, dMii'= cImu， 
dMi2’ = dMi2, we will have equation 30 = equation 33, equation 31 = equation 34 and 
equation 32 = equation 35, given that zp" 0 and z^a 丰 0. 
Under the final transformed model, the standardized indirect effect from Fxi to 
Fy is now transformed as Zai**. Hence the hypothesis of interest to test the equality 
of standardized effects becomes Ho： Zai**= Za2**, which is a simple linear 
hypothesis. We can fit a model under the null hypothesis, Ho and obtain the 
goodness-of-fit of the null model. Using the standard chi-square difference test as 
mentioned previously, we can test the hypothesis. 
When SEM programs that do not allow specification of nonlinear equality 
constraints are employed, the ultimate goal is to transform the standardized model 
sequentially until the indirect effects under consideration becomes a single model 
linear parameter so that a linear equality constraint can be set to test the indirect 
effects. The general rule of doing this is to factorize the mediators by using phantom 
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variables. Moreover, the essence of the proposed method is to fix the outward path 
from the phantom variable at 1.0 and the effects of the disturbance terms at the 
outward path coefficient obtained from the previous model. When higher order 
indirect effect is involved, we will begin the factorization from the mediator that is 
the closest to the outcome variable and stop until the nonlinear indirect effects is 
transformed into a single model parameter after sequential transformation. 
In summary, the general principle of the proposed method involves four major 
steps. (1) Specification of the model of interest; (2) Standardization of the path 
coefficients; (3) Factorization of mediator(s) and (4) Fitting a constrained model and 
conducting the chi-square difference test. 
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CHAPTER FOUR: REAL EXAMPLES 
Three examples will be described to illustrate how the proposed method can be 
adopted in real application. The first two examples were based on the data set by 
Benet-Marti'nez and Karakitapoglu-Aygiin (2003) which studied the interplay of 
culture syndromes and personality in predicting life satisfaction. In these two 
examples, the first-order between-group and the second order within-group indirect 
effects will be compared respectively. The third example was based on the data set 
by Schoon and Parsons (2002) which studied how the social structure influences 
teenage aspirations and subsequent occupational attainment. This example illustrates 
how the method can be applied in testing the indirect effects in a structural model 
and shows the importance of standardizing the path coefficients before making 
subsequent comparison of indirect effects. 
Benet-Marti'nez and Karakitapoglu-Ay gun's (2003) study measured 
individualism-collectivism, personality, and subjective well-being, and culture 
identification. Eight variables were selected from the original data set for current 
demonstration purpose. They are individualism (VI)，collectivism (V2), extraversion 
(V3), agreeableness (V4), self-esteem (V5), family satisfaction (V6), friendship 
satisfaction (V7) and life satisfaction (V8). The sample consisted of two groups of 
participants. Of these, 122 were European American (EA) and 199 were Asian 
American (AA). The sample covariance matrices were shown in Table 1. The 
following two examples illustrate how the standardized indirect effects are compared 
in the path analysis by using the proposed method. 
Example 1. Testing first-order between-group standardized indirect effects 
Figure 8(a) shows the model of interest. The culture syndrome of individualism 
and collectivism are hypothesized to have indirect effects on life satisfaction through 
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self- and relational esteem. Multiple sample path analysis was performed using EQS. 
The chi-square goodness-of-fit statistics was = 101.83, df= 18, p<.001. Although 
the model did not fit well to the observed data, this is not the concern in the current 
example as far as all the path coefficients are significant. The standardized solutions 
of the path coefficients for the two groups are printed in Figure 8(a). 
.44 (.40) V5 
.21 (.11) ^ p T l 
^ ^ E5 ^ ^ 
.28(.19) 
V2 ^ V6 z 
E6 
Figure 8(a). The original model in Example 1. V l= individualism, V2 = collectivism, 
V5 = self-esteem, V6 = family satisfaction, V7= friend satisfaction, V8 = life 
satisfaction. Standardized solutions of the parameter estimates for the European 
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We are interested in testing whether the standardized indirect effects from (1) 
individualism (VI) to life satisfaction (V8) through self-esteem (V5) and (2) 
collectivism (V2) to life satisfaction (V8) through family satisfaction (V6) are the 
same for both EA and AA. As we cannot directly impose the constraints to test the 
standardized indirect effects, we have to transform the original model first such that 
the path coefficient appears as its standardized value. Figure 8(b) presents the 
standardized model by using the proposed method. 
V5 
f / D3 
VI .97(1.05)* 
.64(.68) .44 (.40) j / F3 \ 
. 3 1 ( . 1 4 ) \ . . 2 0 ( . l l ) V — ^ 1 . 1 9 ( 1 . 3 0 ) * 
1.20(1.22)* / 
V7 /.22 (.20) 
•28(.19) 
.64(.74) 1.49(1.44)* D4 
y r y r 
V2 V6 
Figure 8(b). Standardized model in Example 1. Parameter estimates for the European 
(Asian) Americans are printed outside (inside) parentheses, * = fixed parameter. 
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As shown in Figure 8(b), each original variable is replaced by a phantom 
variable. The path coefficients from the dependent phantom variables to the original 
variables are fixed at their respective standard deviation, which can be obtained by 
using variances found in the sample covariance matrices in Table 1. Variances of F1 
and F2 were fixed at 1.00. There was no error terms associated with the original 
variables after transformation. The chi-square goodness-of-fit statistics of the 
standardized model was ^ = 101.83, #=18，p<.001, which was identical with that 
of the original model. The standardized model and the original model were 
equivalent. As compared with the standardized solutions of the original model from 
EQS, the path coefficients after transformation are the same (within rounding error). 
The path coefficients were successfully transformed into their standardized values. 
With the standardized model, we can test the equalities of the standardized 
indirect effects that we are interested in. Based on the results from EQS shown in 
Figure 8(b), the estimated standardized indirect effect from VI V5 -> V8 was 
0.44 X 0.56 = 0.25 for EA，and 0.40 x 0.59 = 0.24 for AA; the estimated standardized 
indirect effect from V1->V6->V8 was 0.28 x 0.22 = 0.06 for EA, and 0.19 x 0.20 = 
0.04 for AA. 
The standardized model was further transformed by using the sequential model 
fitting method. Two phantom variables, F7 and F8，were added to replace F3 and F4 
as the mediators. The path coefficients from F7 to F6 and from F8 to F6 were fixed 
at 1.00. Besides, the effects of D7 on F7 were fixed at 0.56 for EA and 0.59 for AA, 
which were the estimated outward path coefficients of F3 obtained from the 
standardized model; and similarly the effects from D8 on F8 were fixed at the 
estimated outward path coefficients of F4 obtained from the standardized model, that 
is, 0.22 for EA and 0.20 for A A. There was no disturbance terms associated with F3 
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and F4 after transformation. Again, the transformed model has a chi-square value, ^ 
=101.83，df= 18，pc.OOl, indicating that the model is equivalent to the standardized 
model. As shown in Figure 8(c), the estimated (direct) effects from F1 to F7 were 
0.25 and 0.24 for EA and AA respectively and from F2 to F8 were 0.06 and 0.04 for 
EA and AA respectively. These were equal to the indirect effect estimates given by 
the standardized model. 





VI 1.77(1.70) y<56i,59)* 
.64(.68) .25(.24) J . ？口 V 
^ ^ 夕 1.00(1.00)* 
1.20(1.22)* X 
r ^ / / 1 .00(1.00)* 
( y ^ .06(.04) r ^ ^ y 
^ - T ^ (.20)* 





Figure 8(c). Standardized transformed model in Example 1. Parameter estimates for 
the European (Asian) Americans are printed outside (inside) parentheses, * = fixed 
parameter. 
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To test the equalities of indirect effects between the two groups, a constrained 
model was fitted by imposing two linear equality constraints on the paths F l - ^ F7 
and F2—F8 between the two groups and the constrained model gave the chi-square 
goodness-of-fit s tat ist ics，= 102.53, df= 20, p<.001. Chi-square difference test 
was carried out and gave the results of Ax^= 102.53 - 101.83 = 0 . 0 7，A # = 2 0 -
18 = 2, p�.05，suggesting that there were no significant group differences on both 
indirect effects. In Figure 8(d), the pool estimates of path coefficients from F1 to F7 
and F2 to F8 were 0.24 and 0.05 respectively. In order to confirm the results, 
analysis was done by using LISREL with nonlinear equality constraints. The results 
such as parameter estimates, test statistics, standard errors etc. from the two 
programs are identical and so the results from EQS are confirmed. 





.64(.68) .24(.24) J ” \ 
1.00(1.00)* 
e X \ / D 6 
.3 l ( .14) .20(.10) 1.19(1.30)* I — - n 
1.20(1.22)* / 
V7 / 
_ _ _ J / 1.00(1.00)* 
^ n r (.20)* 





Figure 8(d). Constrained model in Example 1. Parameter estimates for the European 
(Asian) Americans are printed outside (inside) parentheses, * = fixed parameter,-- > 
=constrained path. 
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Example 2, Testing second-order within-group standardized indirect effects 
The same data set from the above example was used. This time personality 
dispositions were included in the model of interest. It is expected that individualism 
and collectivism predict variations on personality dispositions, which, in turn, 
influence life satisfaction through self-esteem and family satisfaction. Figure 9(a) 
shows the model of interest. We are interested in whether the effect from 
individualism (VI) to life satisfaction (V8) through extraversion (V3) and 
self-esteem (V5) is the same as the effect from collectivism (V2) to life satisfaction 
(V8) through agreeableness (V4) and family satisfaction (V6) within each group. 
This involves the test of the equality of two second-order indirect effects within each 
group. 
.52 (.46) ^ ~ .39 (.42) ^ ~ 
VI ^ V3 — V5 ^ E8 
^ > 1 V: 
.33 (.36) .24 (.15) ^ ^ ^ (.22) 
V2 • V4 一 V6 ^ ^ 
X \ 
\ E4 \ E6 
Figure 9(a). The original model in Example 2. V l= individualism, V2 = collectivism, 
V3 = extraversion, V4 = agreeableness, V5 = self-esteem, V6 = family satisfaction, 
V8 = life satisfaction. Standardized solutions of the parameter estimates for the 
European (Asian) American are printed outside (inside) parentheses. 
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The model was fitted to the observed data using multiple sample analysis in 
EQS and gave the chi-square goodness-of-fit statistics, { = 152.44, df= 30，p<.001. 
All the path coefficients are significant though the model did not fit well. The 
standardized solutions of the path coefficient estimates were obtained from the EQS 
results as shown in Figure 9(a). 
Similar procedures in example one was used to transform the path coefficients 
into their standardized values. Seven phantom variables were added to replace the 
original variables and the path coefficients from the dependent phantom variables to 
the original variables were fixed at their respective standard deviation, which were 
obtained from the sample covariance matrices in Table 1. Moreover, variances of F1 
and F2 were fixed at 1.00. There was no error terms associated with the original 
variables. Figure 9(b) shows the standardized model. 
The model gave an identical chi-square statistics as the original model, x = 152. 44, 
df= 30, p<.001，indicating that the two models are equivalent. The values of path 
coefficients and standardized solutions of the original model from EQS were the 
same, confirming that the path coefficients were successfully transformed into their 
standardized values. 
Based on the results showed in Figure 9(b), the estimated indirect effects of EA 
(AA) from F 1 w a s 0.52 x 0.39 x 0.64 = 0.13 (0.46 x 0.42 x 0.63 = 
0.12) and from F 2 - ^ F 4 ^ F 6 - ^ F 7 was 0.33 x 0.24 x 0.24 = 0.02 (0.36 x 0.15 x 0.21 
=0.01). 
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APPENDIX 1(c) 
2 T Z 
.64 (.68) .79(.88)* .97(1.05)* 
‘ D 3 D5 
19(1.30)* 
^ ^ ^ -33 (.36) . 2 4 。 5 ) ⑶ ） 
\ D4 \ D6 
.64 (.74) .63 (.62)* 1.49(1.44)* 
1 [ ^ r 1 r 
V2 V4 V6 
Figure 9(b). Standardized model in Example 2. Parameter estimates for the European 
(Asian) Americans are printed outside (inside) parentheses, * = fixed parameter. 
As higher-order indirect effects were involved, we have to transform the model 
sequentially. The mediators, F5 and F6, which were the closest to the outcome 
variable, F7, were first factorized by adding two phantom variables, F8 and F9. The 
outward path coefficients of F8 and F9 were fixed at 1.00 for both groups. The path 
coefficients from D8 to F8 were fixed at 0.64 for EA and 0.63 for AA, which were 
the estimates of the outward path coefficients of F5 obtained from the standardized 
model. Similarly, the path coefficients from D9 to F9 were fixed at 0.24 for EA and 
0.21 for AA. Moreover, there were no more disturbance terms associated with F5 
and F6. Figure 9(c) shows the transformed model. This model gave an identical 
chi-square value as compared with the standardized model, y^ = 152. 44，df = 30， 
p<.001, confirming that the two models are equivalent. 
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~ ~ f f T l . 5 6 ( 1 . 6 0 ) 
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.64 (.74) .63 (.62)* \ D9 
4.16(4.79) 
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Figure 9(c). First standardized transformed model of in Example 2. Parameter 
estimates for the European (Asian) Americans are printed outside (inside) 
parentheses, * = fixed parameter. 
The model shown in Figure 9(c) was further transformed into Figure 9(d). The 
mediators, F3 and F4 were replaced by phantom variables FIO and F l l respectively. 
The outward path coefficients of FIO and F11 were fixed at 1.00 for both groups. 
The effect of DIO was fixed at 0.25 for EA and 0.26 for AA, which were obtained 
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from the outward path coefficients of F3 in Figure 9(c). Similarly, the effect of D l l 
was fixed at 0.06 for EA and 0.03 for AA. There were no disturbance term associated 
with F3 and F4. Once again, the transformed model shown in Figure 9(d) has a 
chi-square value, x^ = 152. 44, df = 30，pc.OOl, indicating that the model is the 
equivalent to the standardized model. In Figure 9(d)，the estimated (direct) effects 
from F1 t o F l O a n d from F2 toFlO for EA (AA) were 0.13 (0.12) and 0.02 (0.01) 
respectively. These were the same as the indirect effects calculated by using results 
obtained from Figure 9(b). 
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APPENDIX 1(c) 
i i J i 
•79(.88)* .97 (1.05)* 
m © © 
~ ~ f “ 4 . 0 1 ( 3 . 8 0 ) “1.56(1.60) 
.64 (.68) DIO D8 
D7 
19(1.30)* 
.02 (.01) 1-00 (1-00)* ^ (^^TTy^-QQ (1.00)* 
.24 (.21)* 
.64 (.74) D l l \ D9 
17.36(31.97) 4.17(4.80) 
S O © 
.63 (.62)* 1.49(1.44)* 
，f ，r 
V4 V6 
Figure 9(d). Final standardized transformed model in Example 2. Parameter 
estimates for the European (Asian) Americans are printed outside (inside) 
parentheses, * = fixed parameter. 
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To test the equality of the two indirect effects within each group simultaneously, 
a constrained model was fitted with linear constraints imposing on the path Fl— FIO 
and F l l within each group. The constrained model gave the chi-square 
statistics, ^ = 187.13, 32, p<.001. Using the chi-square difference test, Ax^ = 
187.13 - 152.44 = 3 4 . 6 9，A # = 3 2 - 3 0 = 2，p< .01，suggesting that the two indirect 
effects are significantly different from each other within each group. In Figure 9(e), 
the pooled estimated of the indirect effects were 0.05 for both groups. Once again, 
the same analysis was done by using LISREL and the parameter estimates, test 
statistics, standard errors, etc. from the two programs agree up to three decimal 
places. Therefore, results from EQS were confirmed. 
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V3 V5 
“ i k 
.79(.88)* .97 (1.05)* 
m © O 
“ '^9.20 (7.39) I 1.70(1.79) 
.63 (.66) DIO D8 
y l - b (.26)* ^ ^ ( . 6 3 ) * 
.05 (.05) ( f ^ 1.00 (1-00)* ^ ^ 
V l i y " "V^yy .OOCl .OO)* D7 
^ ^ . 1 9 ( 1 . 3 0 ) * 
-05 (.05) ^^7^7^1.00(1.00)* 
.65 (.76) Dll \ D9 
8.93 (10.40) 3.17(3.25) 
S O © 
.63 (.62)* 1.49(1.44)* 
” \ r 
V4 V6 
Figure 9(e). Constrained model in Example 2. Parameter estimates for the European 
(Asian) Americans are printed outside (inside) parentheses, * = fixed parameter,-- > 
=constrained path. 
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Example 3. Testing first-order within group indirect effects in structural model 
Schooh and Parsons's model (2002) suggested that the effects of socioeconomic 
background factors on occupational attainment were mediated by the teenage 
aspirations in combination with educational attainment. Their study used data 
collected for the 1958 National Child Development Study (NCDS) and the 1970 
British Cohort Study (BCS70). The key variables of interest are occupational 
aspirations, educational aspirations, educational achievement at age 16, family 
background factors, material conditions, and occupational attainment in adulthood. 
For simplicity, only some of the variables and the BCS70 sample in the original 
data set used by Schoon and Parson (2002) were considered in the current example. 
The variables are housing tenure (VI) and benefits (V2), parental hopes (V3) and 
parental expectation (V4), examination score (V5) and highest qualification (V6) at 
age 16, job aspirations (V7) and school motivation (V8) at age 16’ and occupational 
attainment based on the Erikson-Goldthorpe Scale (GS) (V9) and the Standard 
Occupational Classification of Registrar General's social class (RGSC) (VIO). The 
10 variables together measured five constructs, material conditions (Fl), parental 
aspirations (F2), educational achievement (F3), teenage aspirations (F4), and 
occupational attainment (F5). Figure 10(a) specifies the model of interest. The 
sample size of BCS70 was 6407. Sample covariance matrix used in this example is 
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The structural model shows in Figure 10(a) was fitted to the observed data 
by analysis using EQS. Since variances of dependent latent variables are not shown 
in the EQS output by default, we need to add the extra command "/PRINT 
COVARIANCE=YES;" such that EQS provides the variances-covariances of 
dependent latent variables, which will be used in the next step when we standardize 
the model. The model gave a chi-square goodness-fit-statistics ^ = 697.82, df= 29, 
p<.001. Although the chi-square test is significant because of its sensitivity to the 
large sample size, other goodness-of-fit indices indicated the model was fit well (e.g. 
CFI = .97 and RMSEA = .06). All the paths were significant. The path coefficients 
and their standardized values were shown in Figure 10(a). 
V5 V6 
了 F2 ^ Z F4 y - ^ 6 . 9 6 ( . 2 9 ) 
V7 V8 
Figure 10(a). Original model in Example 3. F1 = Material conditions, F2 = Parental 
aspirations, F3 = educational achievement, F4 = teenage aspirations, F5 = 
occupational attainment. (Standardized) parameter estimates are printed (inside) 
outside parentheses. 
The hypothesis of our interest is whether the effect of material conditions (Fl) 
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on occupational attainment (F5) through educational achievement (F3) is the same as 
the effect of parental aspirations (F2) on occupational attainment (F5) through 
teenage aspirations (F4) within the group. As material conditions and parental 
aspirations are of very different scales, variance of parental aspirations was about 
sixteen times as large as that of material conditions. Because of this, we should 
compare the corresponding standardized indirect effects rather than the 
unstandardized effects, which are known to be scale dependent. Hence, the path 
coefficients are first transformed into their standardized values by using the proposed 
method before making subsequent comparison. 
Similar to path analysis, the model was transformed by replacing the 
original factors with phantoms variables. The path coefficients of the dependent 
phantom variables on the original factors were fixed at the standard deviation of the 
original factors. The standard deviations of the original factors could be obtained 
from the EQS output in the previous step. 
The standardized model as shown in Figure 10(b) gave an identical chi-square 
value as compared with the original model, ^ = 697.82，df = 29，p<.001. Hence, the 
two models are equivalent. The path coefficients of the standardized model were the 
same as the standardized results obtained using the original model, indicating that 
the path coefficients are standardized successfully. Using the standardized model, the 
estimated indirect effects from F6->F8->F10 and F 7 + F 9 + F 1 0 were 0.70 x 0.20 = 
0.14 and 0.69 x 0.29 = 0.20 respectively. 
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APPENDIX 1(c) 
t / D8 




Figure 10 (b). Standardized model in Example 3. * = fixed parameter. 
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The standardized model was further transformed using the sequential model 
fitting method. Phantom variables, F l l and F12 were inserted in the standardized 
model to replace F8 and F9 as the mediators. Using similar procedures, F8 and F9 
were factorized by fixing the outward paths of F l l and F12 at 1.00 and the effects of 
disturbance D11 and D12 at the values of the estimated outward path coefficients of 
F8 and F9 obtained in the model shown in Figure 10(b), i.e. 0.20 and 0.29 
respectively. There was no disturbance term associated with F8 and F9 in the 
transformed model. 
Figure 10(c) shows the transformed model. The transformed model gave a 
chi-square value of ^ = 697.82, df= 29, pc.OOl, which was identical to the 
standardized model, confirming that the two models are equivalent. The estimated 
(direct) effects from F6+F11 and F 7 + F12 were 0.14 and 0.20 respectively. They 
are the same as the indirect effect estimates obtained from the standardized model. 
The nonlinear indirect effect was transformed into a linear indirect effect 
successfully. 












Figure 10(c). Standardized transformed model in Example 3. * = fixed parameter. 
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A constrained model was fitted in order to test the equality of two standardized 
indirect effects. A linear equality constraint was imposed on the paths F6+F11 and 
F7-^F12. The chi-square goodness-of-fit of the constrained model was 受 = 7 0 0 . 4 8 , 
df= 30，pc.OOl. The chi-square difference test gave A x � = 7 0 0 . 4 8 — 697.82 = 2.66, 
d / = 30 - 29 = 1, p > .05, suggesting that there was no significant different between 
the two standardized indirect effects within the group. The pooled estimate of the 
standardized indirect effect was 0.17 as shown in Figure 10(d). The parameter 
estimates, test statistics, standard errors, etc. are identical to those by using LISREL 
with nonlinear equality constraints. Hence, the results are confirmed. 





4.16 y d ^ * 






Figure 10(d). Constrained model in Example 3. * = fixed parameter, = 
constrained path. 
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To illustrate the importance of standardizing the indirect effects, especially 
when the variance of one of the antecedent variables is extremely large when 
compared with the others like the example presented, the standardized result and the 
unstandardized result was compared. A nonlinear equality constraint was imposed on 
paths F1 ->F3^F5 and F2->F4->F5 in the original model shown in Figure 10(a) by 
using LISREL. The chi-square statistics of the constrained model was x^  = 720.06, df 
=30 , p<.001. The chi-square different test gave A x^  = 720.06 - 697.82 = 22.24, d /= 
30 - 29 = 1, p < .01, suggesting that the two indirect effects are significantly 
different when the unstandardized indirect effects were considered. This result is 
misleading as the standardized result has shown that there is no significant different 
between the two indirect effects. Any difference between the two unstandardized 
indirect effects was due to the effects of different scales of the antecedent variables. 
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CHAPTER FIVE: DISCUSSION 
In this paper, the sequential model fitting method proposed by Chan (2007) 
was extended for the comparison of standardized indirect effects in SEM. Different 
real examples were considered to illustrate how the method can be used for making 
relevant statistical inferences in path models and structural models using EQS. 
Although only three examples are used here, it is believed that the method can be 
applied to a variety of different models. However, when many variables are involved, 
the standardized model may become very complicated as many phantom variables 
will need to be added. 
As mentioned at the beginning, standardization of the indirect effects is 
important when the antecedents are measured by very different scales. Example three 
probably serves the purpose of demonstrating how misleading the results could be 
when the indirect effects are not standardized. Unless common antecedent variable is 
used, it is always a good practice to standardize the path coefficients before making 
subsequent comparison. This was because the antecedents are usually measured in 
different scales. 
It should be noted that there may be discrepancy between the path coefficients 
of the standardized model and the standardized solutions of the original model. This 
discrepancy is probably because of rounding error. In our examples, most cases are 
accurate up to two decimal places while all cases are accurate to one decimal place. 
Generally speaking, when more digits are used when fixing the path coefficients, 
there will be less discrepancy. In most cases, values up to three decimal places are 
sufficient to serve the purpose. 
Although we have only illustrated how to apply the proposed method using 
EQS, the proposed standardization technique can also be useful for other SEM 
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programs such as LISREL which cannot directly compare the standardized indirect 
effects. When LISREL is used, the original model can be standardized by following 
the proposed method. However, with LISREL, one can directly compare the 
standardized indirect effects without the need of using the sequential model fitting 
method. The standardized indirect effects can simply be compared by imposing 
nonlinear equality constraint on the standardized model. Therefore, the proposed 
standardization technique is also relevant for those who are familiar with SEM 
programs other than EQS. 
The present study has also demonstrated how the standardized indirect effects 
can be compared after standardization when nonlinear equality constraint is 
impossible to impose in some SEM programs. Using EQS for analysis，the three 
examples compared the first-order and second-order indirect effects between- and 
within-groups. The sequential model fitting method (Chan, 2007) is applied on the 
standardized model. The results are perfectly comparable with the results derived 
from LISREL with nonlinear equality constraints. Although the proposed method did 
not apply to cases with more than two groups and indirect effects of higher than 
second-order here, it can be applied for making comparison that involves more 
groups and higher-order indirect effects. 
One shortcoming of using the sequential model fitting method for making 
comparison of indirect effects is that the transformed model may not be directly 
comparable with the model obtained through standard analysis with nonlinear 
equality constraints. Some parameter estimates are lost in the t r a n s f o r m e d model. 
For example, only the pooled estimate of aP is given in the output given the 
constrained transformed model. The estimates of a and P which appears in original 
model using nonlinear equality constraint no longer exist in the output. 
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CHAPTER SIX: CONCLUSION 
It is rare for researcher to compare standardized indirect effects even though 
the results may be misleading without standardization as shown in this study. One of 
the reasons may be because they lack a simple method for doing such kind of 
analysis. Based on model reparameterization technique, the present study extended 
the sequential model fitting method to the comparison of standardized indirect 
effects in SEM. The examples have shown how the method can be used in real 
applications using EQS and results were confirmed by using LISREL. Researchers 
who are familiar with any SEM programs can easily implement this method in their 
model and make the comparison. 
The standardization technique used in this study can probably be extended on 
other forms of comparison in which standardization of parameter is necessary. For 
instance, we may consider comparing the correlation coefficients within a group in 
SEM. The direct imposing of constraint on the correlation coefficients is usually not 
feasible as far as covariance is given in the output when fixing of factor variance at 
1.00 is not possible. In this case, the method proposed in the present study may be 
useful for transforming the covariance into correlation. Further research can be done 
to explore the usage of the standardization technique for making other forms of 
comparison. 
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APPENDIX 1(b) 
EQS command file for standardized model in Example 1 
/TITLE 
Model built by EQS 6 for Windows in Group 1 
/SPECIFICATIONS 
DATA='c:\documents and settings\psyuser\desktop\thesis\european american.ess'; 
VARIABLES=8; CASES=122; GR0UPS=2; 
N4ETH0D=ML; ANALYSIS=C0VAR1ANCE; MATRIX=COVARIANCE; 
/EQUATIONS 
V 5 = *V1 +E5 ; 
V6 = *V2 + E6; 
V 7 = * V 1 + E 7 ; 
V8 = *V5 + *V6 + *V7 + E8; 
/VARIANCES 
VI = *; 
V2 = *; 
E5 = *; 
E6 = *; 
E7 = *; 




Model built by EQS 6 for Windows in Group 2 
/SPECIFICATIONS 
DATA-C:\Documents and Settings\psyuser\desktop\Thesis\asian american.ESS'; 
VARIABLES=8; CASES=199; 
MBTHOD=ML; ANALYS1S=C0VAR1ANCB; MA'1R1X=C0VAR1ANCE; 
/EQUATIONS 
V 5 = * V 1 + E 5 ; 
V6 = *V2 + E6; 
V 7 = *V1 +E7; 
V8 = *V5 + *V6 + *V7 + E8; 
/VARIANCES 
VI = * ; 
V2 = *; 
E5 = *； 
E6 = *; 
E7 = *； 
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APPENDIX 1(b) 
EQS command file for standardized model in Example 1 
/TITLE 
Model built by EQS 6 for Windows in Group 1 
/SPECIFICATIONS 
DATA='c:\documents and settings\psyuser\desktop\thesis\european american.ess'; 
VAR1ABLES=8; CASES=122; GROUPS=2; 
MET110D=ML; ANALYSIS=COVARlANCE; 1V1ATRIX=C0VARIANCE; 
/EQUATIONS 
VI = *F1 +E1 ; 
V2 = *F2 + E2; 
V5 = 0.97F3 + E5; 
V 6 = 1.49F4 + E6; 
V 7 = 1.20F5 + E7; 
V 8 = 1.19F6 + E8; 
F3 = *F1 + D 3 ; 
F4 = *F2 + D4; 
F5 = *F1 + D 5 ; 
F6 = *F3 + *F4 + *F5 + D6; 
/VARIANCES 
F1 = 1; 
F 2 = 1; 
El = 0.00; 
E2 = 0.00; 
E5 = 0.00; 
E6 = 0.00; 
E7 = 0.00; 
E8 = 0.00; 
D3 = *; 
D4 = *; 
D5 = *; 




Model built by EQS 6 for Windows in Group 2 
/SPECIFICATIONS 
DATA-C:\Documents and Settings\psyuser \desktop\Thesis example\asian american.ESS'; 
VARIABLES=8; CASES=199; 
METHOI>ML; AN A L Y S1 S=CO V A R1 AN C E ； M ATRI X=CO V A R1 AN C E; 
/EQUATIONS 
VI = *F1 + El ; 
V2 = *F2 + E2; 
V 5 = 1.05F3 + E5; 
V 6 = 1.44F4 + E6; 
V 7 = 1.22F5 + E7; 
V 8 = 1.30F6 + E8; 
F3 = *F1 + D 3 ; 
F4 = *F2 + D4; 
F 5 = *F1 + D 5 ; 
F6 = *F3 + *F4 + *F5 + D6; 
/VARIANCES 
F1 = 1; 
F 2 = 1; 
El = 0.00; 
E2 = 0.00; 
E5 = 0.00; 
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E6 = 0.00; 
El = 0.00; 
E8 = 0.00; 
D3 = *; 
D4 = *; 
D5 = *; 






Comparing Standardized Indirect Effects 61 
APPENDIX 1(c) 
EQS command file for model standardized transformed model in Example 1 
/TITLE 
Model built by EQS 6 for Windows in Group 1 
/SPECIFICATIONS 
DATA='c:\documents and settings\psyuser\desktop\thesis\european american.ess•； 
VAmABLES=8; CASES=122; GR01JPS=2; 
N4ET110D=ML; ANALYSIS=COVARIANCE; MATRIX=C0VAR1ANCE; 
/EQUATIONS 
VI = *F1 + E 1 ; 
V2 = *F2 + E2; 
V5 = 0.97F3 + E5; 
V6 = 1.49F4 + E6; 
V 7 = 1.20F5 + E7; 
V 8 = 1.19F6 + E8; 
F3 = *F7 + D3; 
F4 = *F8 + D4; 
F 5 = *F1 + D 5 ; 
F 6 = *F5 + 1F7+ 1F8 + D6; 
F 7 = *F1 +0 .56D7; 
F8 = *F2 + 0.22D8; 
/VARIANCES 
F1 = 1; 
F2= 1; 
El = 0.00; 
E2 = 0.00; 
E5 = 0.00; 
E6 = 0.00; 
E7 = 0.00; 
E8 = 0.00; 
D3 = 0.00; 
D4 = 0.00; 
D5 = *; 
D6 = *; 
D7 = *; 




Model built by EQS 6 for Windows in Group 2 
/SPECIFICATIONS 
DATA-C: \Documents and Settings\psyuser\desktop\Thesis\asian american.ESS'; 
VARIABLES=8; CASES=199; 
METHOD=ML; AN A L YSI S=CO V A F^  1 ANC E; M ATRI X=COV A RIANCE; 
/EQUATIONS 
VI = *F1 + E 1 ; 
V2 = *F2 + E2; 
V 5 = 1.05F3 + E5; 
V 6 = 1.44F4 + E6; 
V 7 = 1.22F5 + E7; 
V 8 = 1.30F6 + E8; 
F3 = *F7 + D3; 
F4 = *F8 + D4; 
F5 = *F1 + D 5 ; 
F 6 = * F 5 + 1F7+ 1F8 + D6; 
F 7 = *F1 +0 .59D7; 
F8 = *F2 + 0.20D8; 
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/VARIANCES 
F1 = 1; 
F 2 = 1; 
El = 0.00; 
E2 = 0.00; 
E 5 = 0.00; 
E6 = 0.00; 
E7 = 0.00; 
E8 = 0.00; 
D3 = 0.00; 
D4 = 0.00; 
D5 = *; 
D6 = *; 
D7 = *; 
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APPENDIX 1(b) 
EQS command file for standardized model in Example 1 
/TITLE 
Model built by EQS 6 for Windows in Group 1 
/SPECIFICATIONS 
DATA='c:\documents and settings\psyuser\thesis example\european american.ess'; 
VARIABLES=8; CASES=122; GR0UPS=2; 
IVIETMOD=ML; ANALYSIS=COVARIANCE; MATR[X=COVARIANCE; 
/EQUATIONS 
VI = *F1 + E l ; 
V2 = *F2 + E2; 
V5 = 0.97F3 + E5; 
V 6 = 1.49F4 + E6; 
V 7 = 1.20F5 + E7; 
V 8 = 1.19F6 + E8; 
F3 = *F7 + D3; 
F4 = *F8 + D4; 
F 5 = *F1 + D 5 ; 
F 6 = *F5+ 1F7+ 1F8 + D6; 
F 7 = *F1 +0.56D7; 
F8 = *F2 + 0.22D8; 
/VARIANCES 
Fl = 1； 
F 2 = 1; 
El = 0.00; 
E2 = 0.00; 
E5 = 0.00; 
E6 = 0.00; 
E7 = 0.00; 
E8 = 0.00; 
D3 = 0.00; 
D4 = 0.00; 
D5 = *; 
D6 = *; 
D7 = *； 




Model built by EQS 6 for Windows in Group 2 
/SPECIFICATIONS 
DATA='C:\Documents and Settings\psyuser\desktop\Thesis\asian american.ESS'; 
VAR1ABLES=8; CASES=199; 
IV1ETH0D=ML; ANALYS1S=C0VA[<IANCE; IV1ATRIX=C0VAR1ANCE; 
/EQUATIONS 
VI = *F1 + El ; 
V2 = *F2 + E2; 
V 5 = 1.05F3 + E5; 
V 6 = 1.44F4 + E6; 
V 7 = 1.22F5 + E7; 
V 8 = 1.30F6 + E8; 
F3 = *F7 + D3; 
F4 = *F8 + D4; 
F 5 = *F1 + D 5 ; 
F 6 = *F5+ 1F7+ 1F8 + D6; 
F 7 = *F1 +0.59D7; 
F8 = *F2 + 0.20D8; 
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/VARIANCES 
F1 = 1; 
F 2 = 1; 
El = 0.00; 
E2 = 0.00; 
E5 = 0.00; 
E6 = 0.00; 
E 7 = 0.00; 
E 8 = 0.00; 
D3 = 0.00; 
D4 = 0.00; 
D5 = *; 
D6 = *; 
D7 = *; 
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APPENDIX 1(b) 
EQS command file for standardized model in Example 1 
/TITLE 
Model built by EQS 6 for Windows in Group 1 
/SPECIFICATIONS 
DATA='c:\documents and settings\psyuser\desktop\thesis\european american.ess'; 
VARIABLES=8; CASES=122; GR0UPS=2; 
N4ET110D=ML; ANALYSIS=COVARIANCE; MATRIX=COVARIANCE; 
/EQUATIONS 
V3 = *V1 +E3; 
V4 = *V2 + E4; 
V5 = *V3 + E5; 
V6 = *V4 + E6; 
V8 = *V5 + *V6 + E8; 
/VARIANCES 
VI = * ; 
V2 = *; 
E3 = *; 
E4 = *; 
E5 = *; 
E6 = *; 




Model built by EQS 6 for Windows in Group 2 
/SPECIFICATIONS 
I)ATA='C:\Documents and Settings\psyuser\染面\Thesis\asian american.ESS'; 
VARIABLES=8;CASES=199; 
1VIET}10D=ML; ANALYS1S=C0VARIANCE; MATRIX=COVARIANCE; 
/EQUATIONS 
V3 = *V1 +E3; 
V4 = *V2 + E4; 
V5 二 *V3 + E5; 
V6 = *V4 + E6; 
V8 = *V5 + *V6 + E8; 
/VARIANCES 
VI = * ; 
V2 = *; 
E3 = *; 
E4 = *; 
E5 = *; 
E6 = *; 
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APPENDIX 1(b) 
EQS command file for standardized model in Example 1 
/TITLE 
Model built by EQS 6 for Windows in Group 1 
/SPECIFICATIONS 
DATA='c:\documents and settings\psyuser\thesis\european american.ess'; 
VARIABLES=8; CASES=122; GR0UPS=2; 
METMOD=ML; ANALYSIS=C0VAR1ANCE; MATRIX=COVARIANCE; 
/EQUATIONS 
VI = *F1 + El ; 
V2 = *F2 + E2; 
V3 = 0.79F3 + E3; 
V4 = 0.63F4 + E4; 
V5 = 0.97F5 + E5; 
V6 = 1.49F6 + E6; 
V 8 = 1.19F7 + E8; 
F 3 = *F1 +D3 ; 
F4 = *F2 + D4; 
F5 = *F3 + D5; 
F6 = *F4 + D6; 
F7 = *F5 + *F6 + D7; 
/VARIANCES 
F1 = 1； 
F 2 = 1; 
El = 0.00; 
E2 = 0.00; 
E3 = 0.00; 
E4 = 0.00; 
E5 = 0.00; 
E6 = 0.00; 
E8 = 0.00; 
D3 = *； 
D4 = *; 
D5 = *； 
D6 = *； 




Model built by EQS 6 for Windows in Group 2 
/SPECIFICATIONS 
DATA-C:\Documents and Settings\psyuser\Thesis\asian american.ESS'; 
VAR1ABLES=8; CASES=199; 
IVIETHOD=ML; ANALYSIS=COVARIANCE; MATRIX=C0VAR1ANCE; 
/EQUATIONS 
VI = *F1 +E1 ; 
V2 = *F2 + E2; 
V 3 = 0.68F3 + E3; 
V4 = 0.74F4 + E4; 
V5 = 1.05F5 + E5; 
V6 = 1.44F6 + E6; 
V8 = 1.30F7 + E8; 
F3 = *F1 + D 3 ; 
F4 = *F2 + D4; 
F5 = *F3 + D5; 
F6 = *F4 + D6; 
F7 = *F5 + *F6 + D7; 
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/VARIANCES 
F1 = 1; 
F 2 = 1; 
El = 0.00; 
E 2 = 0.00; 
E3 = 0.00; 
E4 = 0.00; 
E5 = 0.00; 
E6 = 0.00; 
E8 = 0.00; 
D3 = *; 
D4 = *; 
D5 = *; 
D6 = *; 
D7 = *; 
/COVARIANCES 
/PRINT 
F n = A L L ; 
TABLH=EQUAT10N; 
/END 
Comparing Standardized Indirect Effects 68 
APPENDIX 1(c) 
EQS command file for model first transformed standardized model in Example 2 
/TITLE 
Model built by EQS 6 for Windows in Group 1 
/SPECIFICATIONS 
DATA='c:\documents and settings\psyuser\desktop\thesis\european american.ess'; 
VAR1ABLES=8; CASES=122; GR0UPS=2; 
METIIOD=ML; ANALYS1S=C0VAR1ANCE; MATRIX=CC)VARIANCE; 
/EQUATIONS 
VI = *F1 + E l ; 
V2 = *F2 + E2; 
V3 = 0.79F3 + E3; 
V4 = 0.63F4 + E4; 
V5 = 0.97F5 + E5; 
V 6 = I.49F6 + E6; 
V 8 = 1.19F7 + E8; 
F3 = *F1 + D3; 
F4 = *F2 + D4; 
F5 = *F8 + D5; 
F6 = *F9 + D6; 
F 7 = 1F8+ 1F9 + D7; 
F8 = *F3 + 0.64D8; 
F9 = *F4 + 0.24D9; 
/VARIANCES 
F1 = 1; 
F 2 = 1; 
El = 0.00; 
E2 = 0.00; 
E3 = 0.00; 
E4 = 0.00; 
E5 = 0.00; 
E6 = 0.00; 
E8 = 0.00; 
D3 = *; 
D4 = *; 
D5 = 0.00; 
D6 = 0.00; 
D7 = *； 
D8 = *; 




Model built by EQS 6 for Windows in Group 2 
/SPECIFICATIONS 
DA rA='c:\documents and settings\psyuser\desktop\thesis\european american.ess'; 
VAR1AB1.ES=8; CASBS=122; 
M m ' H O D = M L ; AN A1. YSI S=CO V A I ANCE； M A PR I X=CO V A RIANCE; 
/EQUATIONS 
VI = *F1 + E l ; 
V2 = *F2 + E2; 
V3 = 0.88F3 + E3; 
V4 = 0.62F4 + E4; 
V 5 = 1.05F5 + E5; 
V6 = 1.44F6 + E6; 
V 8 = 1.30F7 + E8; 
F3 = *F1 + D 3 ; 
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F4 = *F2 + D4; 
F5 = *F8 + D5; 
F6 = *F9 + D6; 
F 7 = 1F8+ 1F9 + D7; 
F 8 = *F3 + 0.63D8; 
F 9 = *F4 + 0.21D9; 
/VARIANCES 
Fl = 1; 
F 2 = 1; 
El = 0.00; 
E2 = 0.00; 
E3 = 0.00; 
E4 = 0.00; 
E5 = 0.00; 
E6 = 0.00; 
E8 = 0.00; 
D3 = *; 
D4 = *; 
D5 = 0.00; 
D6 = 0.00; 
D7 = *; 
D8 = *; 
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APPENDIX 1(c) 
EQS command file for final transformed standardized moodel in Example 2 
/TITLE 
Model built by EQS 6 for Windows in Group 1 
/SPECIFICATIONS 
DATA-c:\documents and settings\psyuser\desktop\thesis\european american.ess'; 
VARIABLES=8; CASES=122; GR0UPS=2; 
METHOD=ML; ANALYSIS=COVARIANCE; MATRIX=COVARIANCE; 
/EQUATIONS 
VI = *F1 +E1; 
V2 二 *F2 + E2; 
V 3 = 0.79F3 + E3; 
V4 = 0.63F4 + E4; 
V5 = 0.97F5 + E5; 
V 6 = 1.49F6 + E6; 
V 8 = 1.19F7 + E8; 
F 3 = *F10 + D3; 
F 4 = *F11+D4; 
F5 = *F8 + D5; 
F6 = *F9 + D6; 
F 7 = 1F8+ 1F9 + D7; 
F8 = 1F10 + 0.64D8; 
F 9 = 丨 F11+0.24D9; 
F 1 0 = *F1 +0.25D10; 
F l l = *F2 + 0.06D11; 
/VARIANCES 
F1 = 1; 
F 2 = 1; 
El = 0.00; 
E2 = 0.00; 
E3 = 0.00; 
E4 = 0.00; 
E5 = 0.00; 
E6 = 0.00; 
E8 = 0.00; 
D3 = 0.00; 
D4 = 0.00; 
D5 = 0.00; 
D6 = 0.00; 
D7 = *; 
D8 = *; 
D9 = *; 
D10 = *; 




Model built by EQS 6 for Windows in Group 2 
/SPECIFICATIONS 
DA l A-C:\Documents and Settings\psyuser\desktop\Thesis\asian ainerican.ESS'; 
V A RIA B1MS=8; C ASBS=199; 
METHOD=ML; ANALYS1S=C0VARIANCE; MATRIX=C0VAR1ANCE; 
/EQUATIONS 
VI = *F1 + E 1 ; 
V2 = *F2 + E2; 
V3 = 0.88F3 + E3; 
V4 = 0.62F4 + E4; 
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V 5 = 1.05F5 + E5; 
V6 = 1.44F6 + E6; 
V 8 = 1.30F7 + E8; 
F 3 = *F10 + D3; 
F 4 = *F11 +D4 ; 
F5 = *F8 + D5; 
F6 = *F9 + D6; 
F 7 = 1F8+ 1F9 + D7; 
F 8 = 1F10 + 0.63D8; 
F 9 = I F l l +0.21D9; 
F10= *F1 +0.26D10; 
F l l = *F2 + 0.03D11; 
/VARIANCES 
F1 = 1; 
F 2 = 1; 
El = 0.00; 
E2 = 0.00; 
E3 = 0.00; 
E4 = 0.00; 
E5 = 0.00; 
E6 = 0.00; 
E8 = 0.00; 
D3 = 0.00; 
D4 = 0.00; 
D5 = 0.00; 
D6 = 0.00; 
D7 = *; 
D8 = *; 
D9 = *; 
D10 = *; 
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APPENDIX 2(e) 
EQS command file for constrained model in Example 2 
/TITLE 
Model built by EQS 6 for Windows in Group 1 
/SPECIFICATIONS 
DATA='c:\documents and settings\psyuser\desktop\thesis\european american.ess'; 
VARIABLES=8; CASES=122; GR0UPS=2; ’ 
METHOD=ML; ANALYSIS=COVARIANCE; MATRIX=C0VAR1ANCE; 
/EQUATIONS ‘ 
VI 二 * F 1 + E 1 ; 
V2 = *F2 + E2; 
V3 = 0.79F3 + E3; 
V4 = 0.63F4 + E4; 
V5 = 0.97F5 + E5; 
V 6 = 1.49F6 + E6; 
V 8 = 1.19F7 + E8; 
F 3 = *F10 + D3; 
F 4 = *F11 + D 4 ; 
F5 = *F8 + D5; 
F6 = *F9 + D6; 
F 7 = 1 F 8 + 1 F 9 + D7; 
F 8 = 1F10 + 0.64D8; 
F 9 = 1F11+0.24D9; 
F 1 0 = *F1 +0.25D10; 
F l l = *F2 + 0.06D11; 
/VARIANCES 
F1 = 1; 
F 2 = 1; 
El = 0.00; 
E2 = 0.00; 
E3 = 0.00; 
E4 = 0.00; 
E5 = 0.00; 
E6 = 0.00; 
E8 = 0.00; 
D3 = 0.00; 
D4 = 0.00; 
D5 = 0.00; 
D6 = 0.00; 
D7 = *； 
D8 = *; 
D9 = *; 
D10 = *; 




Model built by EQS 6 for Windows in Group 2 
/SPECIFICATIONS 
DA rA='C:\Documents and Settings\psyuser\desktop\Thesis\asian american.ESS'; 
VARIAB1 丄S=8； C A S E S : 199; 
METHOD=ML; A N A L Y S I S C O V A R J A N C E ; IV1ATRIX=C0VARIANCE; 
/EQUATIONS 
VI = *F1 + E 1 ; 
V2 = *F2 + E2; 
V3 = 0.88F3 + E3; 
V4 = 0.62F4 + E4; 
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V 5 = 1.05F5 + E5; 
V6 = 1.44F6 + E6; 
V 8 = 1.30F7 + E8; 
F3 = *F10 + D3; 
F 4 = *F11 + D 4 ; 
F5 = *F8 + D5; 
F6 = *F9 + D6; 
F 7 = 1F8+ 1F9 + D7; 
F 8 = 1F10 + 0.63D8; 
F 9 = I F l l +0.21D9; 
F 1 0 = *F1 +0.26D10; 
F l l = *F2 + 0.03D11; 
/VARIANCES 
Fl = 1; 
F 2 = I; 
El = 0.00; 
E2 = 0.00; 
E3 = 0.00; 
E4 = 0.00; 
E5 = 0.00; 
E6 = 0.00; 
E8 = 0.00; 
D3 = 0.00; 
D4 = 0.00; 
D5 = 0.00; 
D6 = 0.00; 
D7 = *; 
D8 = *; 
D9 = *; 
D10 = *; 
D l l = *; 
/COVARIANCES 
/CONSTRAINTS 
(1，F10，F1) = (1，F11，F2); 
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APPENDIX 1(b) 
EQS command file for standardized model in Example 1 
/TITLE 
Model built by EQS 6 for Windows 
/SPECIFICATIONS 
DATA-C:\Documents and Settings\psyuser\desktop\eqs\bcd_10variables.ESS'; 
VARIABLES=10; CASES=6407; — 
N4ET110D=ML; ANALYSIS=COVARIANCE; MATR1X=C0VARIANCE; 
/LABELS 
VI 二tenure ； V2=benefit ； V3=hopes; V4=expt ； V5=exam ； 
V6=quali ； V7=jobasp ； V8=eduasp ； V9=goldthor; V10=rgsc; 
/EQUATIONS 
VI = I F l + E l ; 
V 2 = *F1 + E 2 ; 
V3 = 1F2 + E3; 
V4 = *F2 + E4; 
V5 = 1F3 + E5; 
V6 = *F3 + E6; 
V 7 = 1F4 + E7; 
V8 = *F4 + E8; 
V 9 = 1F5 + E9; 
V 1 0 = *F5 + E10; 
F3 = *F1 + *F2 + D3; 
F4 = *F1 + *F2 + D4; 
F5 = *F3 + *F4 + D5; 
/VARIANCES 
Fl =*； 
F2 = *; 
El =*； 
E2 = *; 
E3 = *； 
E4 = *; 
E5 = *; 
E6 = *; 
E7 = *; 
E8 = *; 
E9 = *; 
E10 = *; 
D3 = *; 
D4 = *; 
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APPENDIX 3(b) 
EQS command file for standardized model in Example 3 
/TITLE 
Model built by EQS 6 for Windows 
/SPECIFICATIONS 
DATA-c:\documents and settings\psyuser\desktop\eqs\bcd—lOvariables ess'-
VARIABLES=10; CASES=6407; — “ ’ 
METI10D=ML; ANALYSlS=COVARfANCE; MATRIX=COVARIANCE. 
/EQUATIONS ‘ 
VI = I F l + E l ; 
V2 = *F1 + E2; 
V3 = 1F2 + E3; 
V4 = *F2 + E4; 
V 5 = 1F3 + E5; 
V6 = *F3 + E6; 
V 7 = 1F4 + E7; 
V8 = *F4 + E8; 
V 9 = 1F5 + E9; 
V 1 0 = *F5 + E10; 
F1 = *F6 + D1; 
F2 = *F7 + D2; 
F 3 = 丨 4.27F8 + D3; 
F4 = 0.22F9 + D4; 
F 5 = 13.10F10 + D5; 
F8 = *F6 + *F7 + D8; 
F9 = *F6 + *F7 + D9; 
FIO = *F8 + *F9 + DIO; 
/VARIANCES 
F 6 = 1; 
F 7 = 1; 
El = * ; 
E2 = *; 
E3 = *; 
E4 = *; 
E5 = *; 
E6 = *; 
E7 = *; 
E8 = *; 
E9 = *; 
E10 = *; 
D1 = 0.00; 
D2 = 0.00; 
D3 = 0.00; 
D4 = 0.00; 
D5 = 0.00; 
D8 = *; 
D9 = *; 
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APPENDIX 3(c) 
EQS command file for standardized transformed model in Example 3 
/TITLE 
Model built by EQS 6 for Windows 
/SPECIFICATIONS 
DATA-c:\documents and settings\psyuser\desktop\eqs\bcd_10variables.ess'-
VAR1ABLES=I0; CASES=6407; _ ‘ 
METHOD=ML; ANALYS1S=C0VARIANCE; MATRIX=COVARJANCE. 
/EQUATIONS ‘ 
VI = I F l + E l ; 
V2 = *F1 + E 2 ; 
V 3 = 1F2 + E3; 
V4 = *F2 + E4; 
V5 = 1F3 + E5; 
V6 = *F3 + E6; 
V 7 = 1F4 + E7; 
V8 = *F4 + E8; 
V 9 = 1F5 + E9; 
V 1 0 = *F5 + ElO; 
F1 = *F6 + DI ; 
F2 二 *F7 + D2; 
F3 = 14.27F8 + D3; 
F4 二 0.22F9 + D4; 
F 5 = 13.10F10 + D5; 
F 8 = *F11 + D8; 
F 9 = *F12 + D9; 
F 1 0 = I F l l + 1F12 + D10; 
F11 = *F6 + *F7 + 0.46D11; 
F12 = *F6 + *F7 + 0.01D12; 
/VARIANCES 
F 6 = 1； 
F 7 = 1; 
El = * ; 
E2 = *; 
E3 = *； 
E4 = *; 
E5 = *; 
E6 = *; 
E7 = *; 
E8 = *; 
E9 = *; 
E10 = *; 
D1 = 0.00; 
D2 = 0.00; 
D3 = 0.00; 
D4 = 0.00; 
D5 = 0.00; 
D8 = 0.00; 
D9 = 0.00; 
D10 = *; 
D l l = * ; 
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rrER=200； 
/END 
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APPENDIX 3(d) 
EQS command file for constrained model in Example 3 
/TITLE 
Model built by EQS 6 for Windows 
/SPECIFICATIONS 
DATA='c:\documents and settings\psyuser\desktop\eqs\bcd_l Ovariables.ess•； 
VARIABLES=10; CASES=6407; ~~ 
METHOD=ML; ANALYS1S=C0VAR1ANCE; MATRIX=COVARIANCE; 
/EQUATIONS 
VI = I F l + E l ; 
V 2 = *F1 + E 2 ; 
V 3 = 1F2 + E3; 
V4 = *F2 + E4; 
V 5 = 1F3 + E5; 
V6 = *F3 + E6; 
V 7 = 1F4 + E7; 
V8 = *F4 + E8; 
V 9 = 1F5 + E9; 
V 1 0 = *F5 + E10; 
Fl = *F6 + D1; 
F2 = *F7 + D2; 
F3 = 14.27F8 + D3; 
F4 = 0.22F9 + D4; 
F 5 = 13.10F10 + D5; 
F 8 = *F11 + D8; 
F 9 = *F12 + D9; 
F 1 0 = I F l l + 1F12 + D10; 
F l l = *F6 + *F7 + 0.46D1I; 
F 1 2 = *F6 + * F 7 + 0.01D12; 
/VARIANCES 
F 6 = 1; 
F 7 = 1; 
EI =*； 
E2 = *; 
E3 = *; 
E4 = *; 
E5 = *; 
E6 = *; 
E7 = *; 
E8 = *; 
E9 = *; 
E10 = *； 
Dl = 0.00; 
D2 = 0.00; 
D3 = 0.00; 
D4 = 0.00; 
D5 = 0.00; 
D8 = 0.00; 
D9 = 0.00; 
D10 = *; 
D l l = * ; 
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